Microvasculopathies of nephrosclerosis progress with age in contrasting patterns. Arterial intimal fibroplasia (R r and R c , respectively, in small and large interlobular arteries) previously showed close linkages to hypertension and to "nephrosclerosis," defined by fibrous replacement of atrophied nephrons, whereas hyalinization of arterioles (Hy) failed to show consistent linkages. In this study, renal samples from seven populations, three newly assembled and four reassessed from archived data, were evaluated for R r , R c , and Hy in forensic autopsies of basal subjects (ie, those lacking conditions known to correlate with hypertension or nephrosclerosis, mostly deaths by violence). The patterns of progression on age were alike in all populations, but the rates of progression differed greatly. The observed ranges indicate a 547% higher rate for Hy in the fastest compared with the slowest population, a 49% higher rate for R c , and a 107% higher rate for R r . About one third of variation in R r and R c between populations can be attributed to the correlation with Hy, leaving a substantial residual effect independent of Hy. The findings suggest that the etiology propelling hyalinization in arterioles seems somehow to accelerate the progression of intimal fibroplasia in arteries. The reverse direction, fibroplasia somehow accelerating hyalinization, seems unreasonable, because the presumed consequence, Hy, fails to increase notably with age after 40 years, whereas the presumed causes, R r and R c , rise unremittingly into old age. The etiologies of the population differences are of great consequence to public health but remain unknown. Am J Hypertens 2002;15:1064 -1073
T
he aging human kidney frequently manifests two commonplace types of microvasculopathy, intimal fibroplasia of interlobular arteries (R r and R c , respectively, in small and large interlobular arteries) and hyalinization of arterioles (Hy). These vasculopathies hold important relationships to hypertension, nephrosclerosis, and aging, but the details of those relationships are poorly understood. Given the great public health importance of those disease entities, it is surprising that the vasculopathies in humans receive so little attention from pathologists. Recent literature contains very few reports on these topics. Much of the new information derives from reports of findings from this laboratory. [1] [2] [3] [4] [5] [6] [7] [8] [9] The present report now extends those earlier findings by continued inquiry into some of the newly raised questions.
Arterial intimal fibroplasia emerged from past studies as closely linked to hypertension. 1, 4, 6 Quantitative properties of the association generated the suggestion that the rise in blood pressure (BP) with age in various human populations might be attributable solely to this association. 7 Arteriolar hyalinization held only weak and inconsistent correlations with hypertension, and failed to rise into old age along with BP. 7 Similarly, arterial fibroplasia revealed a close correlation with "nephrosclerosis," objectively defined by quantitative measures of fibrous replacement of atrophied nephrons, whereas hyalinization of arterioles failed to show any such correlation. 8 Those observations challenged the widely held assumption that the two vasculopathies are manifestations of a single disease entity, "nephrosclerosis." Furthermore, the correlation of the two vasculopathies with each other was generally weak, showing correlation coefficients in the region of r ϭ 0.4. This correlation might be revealing a weak interaction of two processes that are, for the most part, independent of each other. The hypothesis emerging from previous findings is that arterial intimal fibroplasia progresses at a basal rate that can be accelerated in the presence of arteriolar hyalinization. That hypothesis is reexamined here, using newly generated data on population differences in vasculopathies.
Materials and Methods

Basal Cause of Death Group
Subjects dying of violence or natural causes having no known relationship to hypertension, and without autopsy evidence of such conditions, comprise the basal group. The basal group offers an approximation to a representative sample of the population.
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Selection of Subjects
The Servicio Medico Forense in Juliaca, Peru, supplied specimens from 93 medicolegal autopsies of persons aged 15-79 years during the year 2000. Cause of death was violence in 68 instances and natural in 25; evidence for diabetic nephropathy was later found in one of these 93 cases. Of the 25 natural instances, one was classified as coronary heart disease and one as cerebrovascular disease; these, together with the one instance of diabetic nephropathy, were excluded from this report, leaving 90 basal cases as enumerated in Table 1 . Two other cases of persons aged 85 and 83 years are retained in one analysis. Juliaca, with a population of about 210,000 inhabitants, serves as a governmental center for a large area with a population of hundreds of thousands, nearly all campesinos, ie, farmers. It sits on the crossing of the North-South by the East-West railroad in a mountainous region poorly served by roads. At an elevation of 3822 meters, Juliaca is in the Peruvian part of the Altiplano near Lake Titicaca. Most of the people of Juliaca, like those in the surrounding areas, are natives and the rest mestizos, ie, of mixed ethnic backgrounds. This rare geopolitical arrangement places a forensic autopsy service in a position to observe a population with lifestyle remote from that of an industrial society, living close to nature.
The Instituto Medicina Legal in La Paz, Bolivia supplied specimens from 62 medicolegal autopsies during the year 2000, all of persons less than 80 years of age. Cause of death was violence in 51 instances and natural in 11; evidence for diabetic nephropathy was later found in two. One of the 11 natural instances was classified as cerebrovascular disease; this one, together with the two instances of diabetic nephropathy, were excluded from this report, leaving 59 basal cases, as enumerated in Table 1 .
The Orleans Parish Coroner's Office supplied renal tissues from 650 medicolegal autopsies of persons aged 15-103 years during the years 1992-2000; the 20 subjects over age 79 years were excluded in all but one analysis. Cause of death was violence in 384 instances and natural in 246. Evidence for diabetic nephropathy was later found in 13 instances, chronic pyelonephritis in eight, glomerulonephritis in four, malignant hypertension in two, and atheroembolus in one instance; 10 of these 28 cases were otherwise, with basal causes of death. Of the 246 natural instances, 93 were classified as coronary heart disease, 12 as cerebrovascular disease, five as diabetes, four as aortic aneurysm, and three as chronic renal disease; these 117, together with the 10 additional renal disease instances, were excluded from this report, leaving 503 basal cases, as enumerated in Table 1 .
Processing of Renal Tissues
Samples of kidney tissue were prepared as in routine autopsies. Blocks of tissue cut perpendicular to the capsular surface were fixed and stored in acetate, buffered 10% formaldehyde. Samples embedded in paraffin were sectioned at 6 m, and stained with periodic acid SchiffAlcian blue. Generally, a total area of renal cortex of two to four cm 2 was represented in one or two sections.
Morphometry of Vasculopathies
Arteries in tissue sections occur as elliptic profiles, varying from circular to greatly elongated. All arterial profiles were assessed at the least axis of the ellipse by a common technique, as detailed elsewhere. 7 Briefly, the outer diameter of the least axis was measured under the 10ϫ objective lens, excluding the adventitia, and measuring from one outer media to the other. The thickness of intima was measured under the 40ϫ lens on the two opposite walls crossed by the diameter line; this excludes the internal elastica, placing this with the media. The average of the two intimal thickness measurements was expressed as percentage of outer diameter (od) R ϭ 100(t 1 ϩ t 2 )/(2od) ϭ %od (Fig. 1B) ; averaged over all readings within the size range of 150 to 300 m outer diameter, this is called R c ; these arteries are believed to serve chiefly a conduit function. A similar measure averaged for vessels of 80 -149 m outer diameter is called R r ; these arteries are thought to offer significant resistance to blood flow. All hyalinized vessels in the section were counted (Fig. 1C) , and the number of affected vessels divided by the area of renal cortex, expressing the ratio as the square root to reduce the severe skewness in the frequency distribution of counts of hyalinized arterioles, (N/cm 2 )
1/2
; this is called Hy.
FIG. 1. A)
Elliptic profile of a normal interlobular artery; internal elastica at a and b is placed with the media so that intimal thickness measures zero. B) An aged hypertensive artery in the size range 150 -300 m with intimal fibroplasia and medial atrophy; R c ϭ 100(t 1 ϩ t 2 )/(2od). C) Afferent arteriole with hyaline deposits at a and b; note the normal glomerulus free of ischemic alterations; the single arteriole affected by multiple deposits gives a count of 1 in this example. PAS-Alcian blue; bar ϭ 60 m in each frame. Od ϭ outer diameter; R c ϭ conduit fibroplasia.
Standard Samples
A set of 13 previously graded kidney slides were selected to span the full range of involvement by arterial intimal fibroplasia. These slides were interspersed with the study slides. These slides were previously standardized against studies of other populations in the past, and provide a way to adjust units of measure to obtain comparable results from one study session to another. A regression line derived from the duplicate measurements of the standard slides showed the intercept term not to differ significantly from zero. Regression lines forced through the origin yielded Y ϭ 1.08X (R 2 ϭ 0.97) , where X is the recent measurement of R c in company with the populations reported here and Y is the measurement of R c in the past; the comparable equation for R r was Y ϭ 1.40X (R 2 ϭ 0.93). These linear transformations were used to adjust the units of measure to be comparable with those used in the past. They are not expected to correct fully for method drift from one study to another, but are used to help minimize biases arising from inconstant application of measurement techniques.
Construction of a "Low Renohyalin" Group
The pool of basal African American and white men and women of New Orleans was divided into HiH and LoH groups as follows. In each of the age groups 15-24, 25-34, 35-44, 45-54, 55-64, and 65-79 years, the one third of subjects with the lowest values of Hy were identified (lowest tertile in each age group). At ages 15-24 years, 60% of subjects scored Hy ϭ 0, and these form the "low" group at those ages. The lowest one third of cases were readily identified in all other age groups. The cutoff points for the respective age groups were Hy ϭ 0, 0.75, 1.55, 1.55, 2.10, and 1.25 (N/cm 2 ) 1/2 ; subjects above and below these cutoff points are called, respectively, HiH and LoH. After matching in this way, the JϩL subjects in the HiH and LoH groups continued to reveal lower averages for Hy than the NOW or NOAA subjects in the comparable HiH and the LoH groupings; to compare groups best matched for Hy, the entire JϩL data pool should be compared with the LoH groups in New Orleans.
Fitting of Equations
Let y ϭ R r or y ϭ R c , measured in units of %od, in 
Using multiple linear regression for model fitting, this equation was reduced to
The details of how this equation was derived are given in a separate document, which will be supplied upon request to all readers. When terms in H were removed from Equation 1, a second simplified model was obtained,
This model expresses the relationships of R r and R c to age irrespective of the extent of arteriolar hyalinization. The ␤ parameters in this model are larger than the ␥ parameters of Equation 2, because part of the variation of ␤ among populations is caused by the impact of variations in H. Hence, the overall impact of H upon population differences in R r and R c can be assessed by comparing the magnitude of population variations in ␤ with that of ␥.
Cohort Effects in New Orleans African Americans
Studies of renal microvasculopathies in New Orleans African American and white subjects began in 1968 and have continued intermittently since then. The trends in R r and R c over time, up to 1998, were examined by cohort analysis, and the findings recently published. 9 Analyses for Hy remain to be done. The outcome indicates stability of R r and R c among New Orleans white men and women of all cohorts born from 1928 to 1978 and autopsied from 1968 -1998. However, among African Americans, R r and R c were found to rise over time in some age groups and to decline in others in a pattern that points to a peak around the year 1970. The evidence indicates that arterial fibroplasia (and its associated hypertension) began a sustained decline among African Americans around 1970. Younger cohorts of African Americans now resemble whites, with shrinkage and disappearance of African American-white differences in those data. Older cohorts still reflect a conspicuous African American-white difference attributable to life experiences accumulated before 1970. These cohort effects are expected to distort the sigmoid curves that portray the trends of R r and R c on age, and to alter the magnitudes of the parameters of Equation 2 and ␣ of Equation 3. Such distortions failed to emerge as statistically significant in the analyses reported here; their impact seems to be small enough to escape detection in this setting.
Additional Populations From Archival Sources
Archived data on previously studied populations are available for interesting comparisons with the newly acquired data. Previous reports of findings from those populations can be found for Guatemala, 1 Mexico, 2 Greenland, 4 and Japan. 6 The new analyses on these archived data are included in a later table.
Statistical Methods
Statistical analyses are all standard methods offered in the SAS package of programs for desktop computer (SAS Institute, Cary, NC). Analysis of variance (ANOVA) was done with PROC GLM; the output of this program includes t tests between pairs of means, and these were used here to assign symbols A, B, or C as needed to report the statistical significance of group differences arising from the t tests. In view of the tabulated ANOVA and t test results, the SD of each of the individual means are considered to be of little interest and are therefore omitted from tables to avoid enlargement of the tables to unwieldy sizes. Multiple linear regression was done with PROC STEPWISE. The variations of ␤ and ␥ parameters among populations are examined by an innovative approach, using the coefficients of variation for the two quantities. Because ␤ varies in part because of variations among populations in Hy, and that source of variation is removed from ␥, the decline in CV from ␤ to ␥ is therefore a reflection of the magnitude of the Hy effect. This allows us to assess the population variation in R r and R c that is independent of effects related to the hyalinization of arterioles.
Results
The basal cases are those with causes of death having no known relationship to atherosclerosis or hypertension. Table 1 gives numbers of such cases by age, sex, and population of origin.
Population Differences in Renal Microvasculopathies
In New Orleans, African American subjects (NOAA) consistently exceed white subjects (NOW) in R r and R c for men and women, but the difference is statistically significant only for R c in women (8.9 for NOAA and 7.2 for NOW; Table 2 ). In J ϩ L, La Paz subjects do not differ significantly from those of Juliaca in R c or R r ; La Paz subjects exceed those of Juliaca only in the hyalinization of arterioles (0.8 in J and 1.5 in L in the pool of men and women; Table 2 ), but the difference is due entirely to the age group 35-79 years, which is represented by only 15 La Paz cases (data not shown). New Orleans subjects consistently exceed Juliaca and La Paz subjects in all comparisons of R c , R r , and Hy; 16 of the 32 comparisons are statistically significant despite small numbers of cases in many subgroups. It is elected for subsequent analyses to combine data from Juliaca and La Paz into a J ϩ L pool, so that ample numbers of cases can be placed into ageby-sex subgroups.
Patterns of Increase on Age
The graphs of R r and R c in Fig. 2 , middle and right panels, reveal tendencies for populations to diverge from each other with increasing age, although some of the differences are already statistically significant at ages 15-24 years (P ϭ .04 and .01 in this age group for population effects on R r and R c , respectively, in the ANOVA of Table 3 ). Populations diverge in the plots for Hy from ages 15 to 34 years, but cease to diverge further as a general pattern after ages 35-44 years (Fig. 2, left panels) . Moreover, R r and R c rise steadily from one age group to another, even into old age, whereas Hy rises steeply from ages 20 to 40 years, and then little or not at all into old age. (The plots for women of J ϩ L are jagged because of small numbers of cases, having less than 12 cases in all but one age group, 15-24 years.) Age adjusted by regression for age, age 2 , and age 3 . Means in paired columns for men and women, or in the column for "all subjects" that do not share a letter A, B, C, or D, differ significantly from each other at P Ͻ .05. Units of measure are %od for R r and R c and (N/cm 2 ) 1/2 for Hy.
Influence of Grouping By Arteriolar Hyalinization on R r and R c
The hyaline effect on R r and R c is small and statistically insignificant before age 45 years, but becomes conspicuous after that age. These results are shown as follows. Cutoff points were identified for New Orleans subjects to mark the lowest tertile of Hy within 10-year age groups. These cutoff points were then applied alike to all populations to classify each case into LoH and HiH groups who were, respectively, below and above the cutoff points. Only 40% of J ϩ L cases fell above the cutoff levels that define the upper two thirds of the New Orleans cases (Table 3) . A clear difference is seen between LoH and HiH groups on the measures R r and R c only at ages 45-64 years, the differences at other ages being small, inconsistent, and statistically insignificant. (Note that the difference loses significance at ages Ͼ64 years despite including subjects aged Ͼ79 years in an effort to increase sample size).
Patterns Obtained From Equation 2
Fig . 3 plots the patterns as summarized by Equation 2. With H ϭ Hy, substitute values of H ϭ 0 and H ϭ 6 were chosen to put into Equation 2 so as to explore the range from the lowest possible value to an extreme high value, letting y ϭ R r and y ϭ R c and A ϭ age. The generally sigmoid appearances in the data plots of Fig. 2 tend to resemble the sigmoid shapes seen in the fitted curves of Fig. 3 . The statistical significance of the fitted curves is examined in a folio of documents that are available to readers upon request, and no serious cause for hesitation in their use was encountered within a wide range of data sets.
Notice that the highest curve for J ϩ L at Hy ϭ 6 roughly coincides with the lowest curve for NOAA at Hy ϭ 0, and this is seen for both R r and R c . (The extreme high value of Hy ϭ 6 exceeds the highest observed value actually encountered in the J ϩ L data set, Hy ϭ 5.2 (N/cm 2 ) 1/2 .) Table 3 demonstrates an influence of grouping by Hy on R r and R c , an influence that clearly emerges after age 44 years and that is visible in all three populations. The impact of the Hy effect is able to explain about one third of the variation in R r and R c across populations, and this is shown as follows. Table 4 displays the variations among populations in the ␤ and ␥ parameters for Equations 2 and 3. The SD of the listed ␤ parameters is greater than that of the ␥ parameters, because the impact of the Hy effect contained in the ␤ parameters has been removed in calculating the ␥ parameters. The total variation among populations in R c is measured by the coefficient of variation (CV ϭ 100 SD/Mean) of ␤, 19.1% (Table 4 ). The residual variation after accounting for the hyaline effect is measured by the CV of ␥, 12.7%, a decline of 34%. The decline for R r is 32% ϭ 100(1 Ϫ 20.7/30.4). The results point to the conclusion that substantial population differences in R r and R c , measured by the SD of ␥, can occur in the subjects who manifest absence of hyalinized arterioles, and in subjects matched for Hy of any degree. The magnitudes of these population differences are worthy of note. The data on the ␤ parameter in Table 4 indicate a 547% higher Hy in Greenland men than in J ϩ L women as the most extreme contrast (0.00485 v 0.00075). The data on the ␥ parameter, adjusted for the Hy effect through Equation 2, indicate a 49% higher rate of progression for R c in Tables 1 and 2 . Means are adjusted for sex by regression. Ages do not differ significantly between populations within any of the age ranges. Means within a row that fail to share a letter, A, B, or C, differ significantly, P Ͻ .05. LoH subjects fall below the cutoff point for the lowest tertile of hyalinized arterioles, Hy, of New Orleans subjects determined within 10-year age groups; HiH subjects are all others. The LoH groups at ages 15-24 years are filled with subjects having Hy ϭ 0, and therefore hold more than 1/3 of the New Orleans cases. Units of measure are percent of outer diameter (%od) for R r and R c .
Importance of the Hy Effect on Population Differences in R r and R c
New Orleans African American women than in Mexico men (0.00862 v 0.00580) and a 107% higher rate for R r in New Orleans African American men than in J ϩ L women (0.00361 v 0.00174).
Discussion
The measures of arterial intimal fibroplasia, R r and R c , correlate significantly with the measure of arteriolar hyalinization, Hy. Those often stressed correlations 11, 12 are reproduced in this study, both between populations and among individuals within populations. The patterns in the data, to be reviewed in the following section, support the view that the two forms of microvasculopathy may have fundamentally separate etiologies, but that these etiologies have some degree of overlap:
Both R r and R c show ongoing increases with age. The increase can occur briskly, even in the absence of demonstrable hyalinization of arterioles. 6 Yet the subjects grouped in the upper range of Hy show faster progression of R r and R c than those in the lower range ( Table 3 ). The findings suggest that the etiology propelling hyalinization in arterioles somehow also acts to accelerate the ongoing progression of intimal fibroplasia in arteries. The reverse direction, fibroplasia somehow accelerating hyalinization, seems unreasonable, because the presumed consequence, Hy, fails to increase with age after 40 years, whereas the presumed causes, R r and R c , rise unremittingly into old age. Table 4 provides two lists, one list holding the six sex-by-population groupings of this study and the other holding the six available sex-by-population groupings previously studied. These lists specify for each population the rates of progression of R r and R c on age, as captured in the ␤ parameters of Equation 3. New Orleans and Guatemala City were compared in 1992.
1 Those earliest population comparisons serve to delimit a range, and that range has not been greatly expanded by subsequent investigations. Mexico and J ϩ L have been added to the lists and found to fall near Guatemala in the lower range of ␤. Men and women of Greenland and men of Tokyo have been added, and they fall near New Orleans in the upper range of ␤. The repeated failure to find populations conspicuously outside of the originally defined limits raises the suggestion that the possible extremes for ␤ have been found. The new data on Juliaca, Peru, are especially cogent to this suggestion, as explored next.
The data reported here from Juliaca, Peru, are the first to capture some representatives of a rural population in a developing nation. Previous reports from Mexico and Guatemala both derived from subjects evaluated in major urban centers (and, for R r and R c , this is also true of La Paz 3 and Bombay 5 ). The rural people of the Andes Mountains follow a lifestyle that is especially remote from that of modern industrialized societies. Only a rare geopolitical accident has provided an autopsy service in Juliaca to observe some members of this type of population living close to nature. Yet the outcome reported here indicates an absence of any convincing urban-rural difference between Juliaca and La Paz or between J ϩ L and other populations such as Mexico and Guatemala (an excess of Hy in La Paz compared to Juliaca calls for confirmation). The severities of renal microvasculopathies seen in these data sets may be showing us the irreducible minimum rates of progression that are possible for the human species.
In conclusion, the population differences explored here retain their tantalizing mystery. The extremes of Hy, R r , and R c were found to range 547%, 107%, and 49%, respectively, in the highest compared with the lowest observed values. What etiologies might explain these population differences remain undisclosed. To suggest hypertension merely replaces a mystery with a mystery, because the hypertension then calls for an etiology that remains elusive. To propose such candidates as obesity, exercise, salt, stress, alcohol, or many others (all with little evidence in their support) immediately encounters this conundrum: Why do the fastest progressing subjects in some populations lag behind the slowest progressing subjects of other populations? The vast differences between populations in rates of renovasculopathy progression have no conspicuous counterparts in any of the proposed candidates for etiology. The list of proposed etiologies for renovasculopathies needs to be expanded with nominees that are presently unknown. The data reviewed here imply the The ␤ parameter derives from y ϭ ␤A 2 (1 Ϫ ␣A) where ␣ ϭ Ϫ0.0076 when y ϭ R r and ␣ ϭ Ϫ0.01 when y ϭ R c (taken from Ref.
3), and ␣ ϭ need for at least two new nominees, one to propel arterial intimal fibroplasia and another to promote arteriolar hyalinization.
